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ToKomo.] 

IBB  ACnOlf  OP  A  SOLUTION  OF  POTASSIUM  HYDROZIDB  IH 
ALCOHOL  ON  OXALIC  ESTERS. 

Bv  K.  C.  Qua  and  D.  McLarin. 
Received  Jane  15  l'M6, 

One  method  of  preparing  the  monoalkyi  esters  of  dibasic  acids  is  by  the 
treatment  of  the  dialkyl  esters  witli  the  calculated  amount  of  the  alcoholic 
solution  of  potassium  or  sodium  hydroxide,  the  reaction  lieing  represented 
thus: 

COOR  COOK 

!  -I-  KOH  =  !  +  ROH 

COOR  COOR 

But  it  is  clear  that  we  might  expect  the  results  in  some  cases  to  !>e  repre- 
sented thus: 

COOR  COOK  COOR 

2  I         +  2KOH  =  I  +1  +  2ROH 

COOR  COOK  COOR 

and,  in  other  cases,  the  product  might  contain  both  dipotassium  salt  and 

the  potassium  alky!  salt. 


N.  C.  QVA  AMD  D.  MCLAJUN. 


KxperiincntH  were  made  with  the  esters  of  a  number  of  dibasic  acidi. 
The  ester  was  dissolved  in  the  corresponding  alcohol  and  the  solution  ot 
potasahnn  hydroxide  in  the  Mune  alcahol  added  in  the  proportion  of  • 
little  less  than  one  formula  weight  of  potassium  hydroxide  to  one  formula 
weight  of  the  ester.  The  precipilatt-,  which  usually  began  to  appear  after 
•  few  cubk  centimeters  of  the  alkali  solution  had  been  added,  was  filtered 
off,  washed  with  the  alcohol  used  and  dried  at  ioo°.  This  precipitate 
was  analyzed  by  Imiling  with  an  excess  of  standard  potassium  hydnnddt 
solution  for  alxiut  one  and  one-half  hours,  using  a  n  flux  condenser,  and 
titrated  back  with  standard  acid,  using  i^nolphtbalein  at  indicate. 

( >xalic  esters  gave  practically  pure  potassium  alkyl  oacalate. 

Tartaric  esters  gave  potaarium  alliyl  tartrate  and  a  littk  ^otaMittm 
tartrate. 

Succinic  esters  gave  potassium  alkyl  succinate  and  coosideraMe  di« 

potassium  succinate. 

Phthalic  esters  gave  dipotassium  phtbalate  only. 

Experiments  with  sodium  hydroxide  gave,  hi  some  CMes,  precifritetet 
which  would  not  crystallize  and  the  reaction  of  oxalic  esters  with  potassium 
hydroxide  was  selected  for  further  study.  It  was  found  that  for  obtaining 
pure  potasahnn  alkyl  cnalate  from  a  diaUcyl  oxalate  it  is  better  not  to  use 
a  very  dilute  solution  of  the  ester,  not  to  raise  the  temperature  of  the 
solution,  ind  'o  use  noticeably  less  than  the  calculated  amount  of  po- 
tassium hydroxide. 

Saloman'  noticed  that  if  ethyl  oxalate  be  treated  with  a  solution  of 
potassium  methylate  in  methyl  alcohol  the  product  was  potassium  methyl 
oxalate  and  he  n^igested  repfesentfaig  this  reaction  fai  two  stagea: 

COOC.H. 

I  +  Hrf> 

COOCH* 


COOK 
+    KOCHi    -  i 

COOCH, 

Saloman's  experiment  was  repeated,  using  an  alcoholic  solution  of 
potassium  hydroxide.  Ten  grams  of  diethyl  oxalate  were  dissolved  in  50  cc. 
methyl  alcohol  and  89  cc.  of  0.767  .V  potassium  hydroxide  solution  (in 
methyl  alcohol)  added,  drop  by  drop,  with  constant  shaking,  the  tempera- 
ture being  kept  about  o".  This  was  the  <Mily  case  where  it  was  found 
nec  essary  to  work  below  room  temperature.  The  precipitate  was  washed 
with  50  cc.  methyl  alcohol,  dried,  and  titrated  as  shown  above.  The  re- 
■  Ber.,  S.  1509  (iS7S)- 


Acnow  at  nrtA*..i\m  HVtNioxtMt  ns  oxauc  < 


suit  of  the  titration  showed  the  precipitate  to  Ik-  pota  ■ -u  methyl  oxa- 
late. Sohi  ions  of  potassium  hydroxide  iti  other  aleohois  rtcrc  used  with 
di'  J  yl  OK  iditc  and  also  with  other  oxalic  enters  and  the  resulUi  an*  i^ven 
in  ;  ablf  . 

Tabu  I. — I'Iffcct  op  KOH  on  Oxalic  Hsteiis. 

Diethyl  iKulatc  Ulniclhyl  oial  -r.  DilxMmyl  oialMc. 


Solvmt  Solvml  , 

•  Icohol  Hrsult  nk'ohol  Hnull.  alcebol.  RMun. 

Mithvl    K  iiuthyl  DNiilutc    i:tli\l  K  illivl  oxiilato  Mrtlivl  K  iiu thvl  osalat'- 

I'ropyl    K  propyl  oxnlatv     I'ropyl  K  propyl  oxalati'  Ivttivl  K  i  thvl  oxalalt 

ItoMuyl  K  iMwmjrl  oxalate  laobutyl  K  ix>l)utvl  nxatuti-  I'ropyl  K  propyl  nxalatt- 

iMNunyl  K  iMiamyt  oxalate  Isobutyl  K  isubutyl  oxalatt 

In  ever>'  case  the  oxalic  ester  when  treated  with  slightly  less  than  tlM 
calculutid  amount  of  potassium  hydroxide  in  tilcoliolic  solution  Rave  a 
practically  pure  f"*assium  alkyl  ilt  in  which  the  alkyl  corresponded 
to  the  alcohol  used  u.  solvent.  Ft  t  experiments  showed  that  if  mimd 
alcohols  were  used  as  solver.t  the  i  hu  t  consisted  of  the  two  potaarinm 
alkyl  salts  corresponding  to  ttic  alcohols  used. 

(a)  Dtmethy]  oxalate  wuh  potassium  hydrmide  in  a  solvent  cobiisting 
of  ethyl  alcohol  wd  acet....(e  in  equal  {Moportions  gave  potassiimi  ethyl 
oxalate. 

(h)  Dimethyl  oxalate  was  dissolved  in  ethyl  alcohol  and,  after  two 
hours,  the  alcohol  was  evaporated  and  the  remaining  ester  was  pure,  tm- 
changed  dimethyl  oxalate. 

Smne  solubility  determinations  were  made  at  room  temperature  with 

the  following  results: 

loo  cc.  tni'thvl  alcohol  (lissolvc<l;  loo  oc.  ethyl  alcohol  di-soU  i  il 
3.0  K.  potassium  nii  thyl  oxalate  0.15  j;.  potassium  mi  tlivl  osulali- 

5.6  g.  potassium  ethyl  oxalate  0.30  g.  iiotassiuin  ethyl  oxalat* 

0.016  g.  dipotasKhim  oxalate  0.004  B-  dipotamium  oxalate 

The  prcci])it:iti()n  of  potassium  alkyl  oxalate  r;4lur  than  dipotassium 
oxalate 's  not  due  to  gre;  cr  insoltibilily  of  the  former  and,  also,  the  pre- 
cipitation of  potassium  ethyl  oxalate  rather  than  pf»tassium  methyl  oxa- 
late frotn  ethyl  alcohol  solution  is  not  due  to  greater  insolubility  of  the 
potassium  ethyl  oxalate. 

It  would  be  possible  to  represent  the  reaction  we  are  considering  in 
three  ways: 


(I) 


(2) 


(3) 


conc.H, 

COOCjHs 

i 

cooc,r. 

COOCHt 

I 

COOCiHt 


COOK 

COOK 

1 

COOCH, 

COOCH3 

1 

COOK 

1 

COOCH, 

COOCH, 

COOCH, 

1 

COOK 

1 

COOCH, 

COOCH. 

i8o6 
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If  either  (3)  or  (,>,)  is  tlie  better  representation  we  miKht  expect  to  find 
dimethyl  oxalate  or  methyl  ethyl  oxalate  in  the  residual  dialkyl  ester 
when  considerably  less  than  the  calculated  amount  of  potassium  hydroxide 
sohition  is  used. 

i<'our  cc.  diethyl  oxalate  were  dissolved  in  u>  ce.  niethxi  alcohol  and  to 
this  was  added  2  cc.  of  0.769  .V  jwtassium  hydroxide  solution  in  methyl 
alcohol  but  no  precipitate  was  olitained  although  it  was  left  for  several 
hours.  The  alcohol  was  allowed  to  evaporate  at  room  temperature  and 
the  dialkvl  ester  extracted  with  chloroform.  The  oily  residue  obtained 
by  exaporation  of  the  chl()roff)rm  at  room  temperature  luiRht  be  diethyl 
oxalate,  diethyl  oxalate  and  dimethyl  oxalate  or  diethyl  oxalate  and  methyl 
ethyl  oxalate  but  could  not  be  dimethyl  oxalate  since  the  melting  point 
of  the  latter  is  54  °-  This  residue  was  titrated  and  the  results  indicate 
either  7.5' ,  dimethyl  oxalate  and  92.3'  ',  diethyl  oxalate  or  16.8^^  methyl 
ethyl  oxalate  and  8,^.2^;  diethyl  oxalate. 

fable  11  contains  the  data  of  a  series  of  experiments  in  which  varying 
amounts  of  0.769  .V  solution  of  potassium  hydroxide  in  methyl  alcohol 
were  used  with  4  cc.  ethyl  oxalate  dissolved  in  id  i  (-.  methyl  alcohol. 
The  4  t  c.  ethyl  oxalate  used  would  require  38.5  cc.  of  the  potassium  hy- 
droxide solution  to  completely  convert  it  to  potassium  alkyl  oxalate  and 
the  amount  of  this  solution  used  is  expressed  in  the  first  row  of  tln'  table 
as  the  precentage  of  the  total  amount  necessary-  to  convert  the  diethyl 
f)xalate  to  potassium  alkyl  salt.  As  the  last  three  experiments  in  the  series 
gave  residual  esters  containing  cr>-stals  of  dimethyl  oxalate  the  analyses 
of  these  residual  esters  were  interpreted  as  indicating  the  proportions 
of  dimethyl  oxalate  and  diethyl  oxalate  and  these  appear  in  the  last  row. 
The  analyses  were  done  in  duplicate  and  the  average  taken. 

TABtE  II. 

Diethyl  Oxalate  (4  cc.)  Dissolved  in  10  cc.  of  Methyl  Alcohol 

Kdll  M,!.  M(  ak-.,  f,   5  2    I"  4    »S-6    20.8  26.0 

Dimethyl  (iNulatf.  <  ;   7-5    33  °    59-5    84.6  98.7 

The  results  of  this  series  of  experiments  show  that  a  methyl  alcohol 
solution  of  iiotassimn  hydroxide  converts  diethyl  oxalate  into  diuu  thyl 
oxalate  and  that  the  amount  of  dimethyl  oxalate  formed  de])en(ls  on  the 
amotmt  of  potassium  hydroxide  used.  This  reaction  is  accompanied  by 
another  reaction  which  produces  potassium  methyl  oxalate.  If,  in  the 
last  experiment,  a  further  amount  of  28.5  cc.  of  the  potassium  hydroxide 
solution  had  been  added  there  would  have  been  complete  conversion  to 
pota-siuni  methyl  oxalate  and  it  would  have  been  the  conversion  of  di- 
methyl oxalate  and  not  of  dietliyl  oxalate  to  potassium  methyl  oxalate. 

The  two  stages  of  the  reaction  are.  therefore,  rei)re>ciUe(l  as  first,  the 
chanKe  of  diethyl  oxalate  to  dimethyl  oxalate  and,  second,  the  change  of 
dimethvl  oKulate  to  potassium  methyl  oxalate,  see  (2)  above. 
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Sinco  ixperinient  (/>)  on  paRi'  i8<>s  slumid  that  an  oxalic  ester  is  not 
converted  to  a  difTerent  ester  by  treatment  with  another  alcohol,  the  change 
must  take  place  under  the  influence  of  the  alcoholic  solution  of  potassium 
hydroxide  or,  possibly,  the  potassium  alkyl  salt  first  formed  acts  as  a 
catalyzer  for  the  reaction. 

Potassium  ethyl  oxalate  was  added  to  cth\  l  oxalate  dissolved  in  methyl 
alcohol  and,  after  a  few  hours,  the  dialkyl  ester  was  found  to  Ix-  unchanged 
diethyl  oxalate. 

In  a  soliitiuii  of  ])otassium  hydroxide  in  methyl  alcoliol  it  may  l)e  con- 
sidered that  potassium  hydroxide  and  potassium  uiethylate  are  in  e(ini- 
librium.  Addition  of  water  to  this  solution  would  disturb  this  equilibrium 
forming  more  potassium  hydroxide.  Hence,  the  addition  of  water  to  the 
po-  sium  hydroxide  solution  would  hasten  or  retard  the  formation  of 
dimethyl  oxalate  depending  on  whether  the  potassium  hydroxide  or  the 
potassiinn  methylute  is  the  dcteniiiuiuK  influence  in  the  reaction. 

Table  III  contains  the  results  of  experiments  in  which  the  solutions  t)f 
potassium  hydroxide  in  methyl  alcohol  contain  varying  amounts  of  water. 
These  solutions  were  made  up  by  adding  the  necessary  wei>;ht  of  water 
to  the  methyl  alcohol  solution  of  the  potassium  hydrtjxide  and  the  methyl 
alcohol  used  for  dissolving  the  diethyl  oxalate  was  also  diluted  with  water. 

Tahle  III. 

Diethyl  Oxalali'  4  ic.  anil  Mithyl  Alcohol  of  \'aryint;  Strength. 

Il  l  cc  ')(!';  CHiOH; 

Ki'";  cnjcociii 

lO.'l  cc.  M.7  cc  IJ  'Mc  I7  .>cc.  — 

CHaOH  00%).      CHiOH  (SiK,  I.      C II>OH  ( 7ii' ^ '      ClIiOU  (.io'.J,).     KoII  sol. 

KOH  sol.      Di      KOH  >ol      Hi      KOII  ^ol      Di      KOH  sol.     Di-        ('((I',  )  Di 
Me  ale.    methyl    Mi-  ^Ic     iinthyl    Mc  ale    methyl    Me.  ale.   methyl     Ai-etone  methyl 
(90%).    oxalate.    (*!';).    nxiilate     (711',)     oxalate     iMfl).   oxalate.      (10';;).  oxalate. 
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Table  III  shows  that  under  the  influence  of  a  given  amount  of  potassium 
hydroxide  dissolved  in  methyl  alcohol  imu  li  less  dimethyl  oxalate  is  formed 
when  water  is  present  and  that  the  more  water  is  present  the  less  dinietiiyl 
oxalate  is  formed.  It  must  be  considered  that  the  potassium  methylate 
rather  than  the  ijotassiiim  hydroxide  is  the  influence  caii'-iiig  the  reaction. 

The  last  two  columns  which  record  experiments  in  which  the  alcohol 
was  diluted  with  acetone  instead  of  water  shows  a  smaller  production  of 
dimetlnl  oxalate  than  when  pure  methyl  alcoli')l  was  used  but  a  imich 
greater  production  than  w  hen  the  alcohol  was  diluted  with  the  correspond- 
iny  amount  of  water. 
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The  results  of  these  experiments  have  been  represented  graphically, 
using  as  one  axis  the  amount  of  potassium  hydroxide  solution  used  (ex- 
pressed as  the  percentage  of  the  amount  necessary  to  completely  convert 
the  diethyl  oxalate  to  potassium  methyl  oxalate)  and,  as  the  other  axis 
the  percentage  of  dimethyl  oxalate  found  in  the  residual  dialk)'!  ester. 
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Saloman's  representation  of  this  reaction  need  not  be  seriously  con- 
sidered. It  would  be  better  to  assume  the  formation  of  an  addition  com- 
pound of  the  ester  with  the  potassium  alcoholate,  but,  with  the  informa- 
tion at  present  available,  it  is  not  thought  tliat  this  would  help  in  the 
study  of  the  reaction. 

Summary. 

1.  Dialkyl  oxalates,  when  treated  with  slightly  less  than  the  calcu- 
lated amount  of  potassium  hydroxide  in  alcoholic  solution,  give  a  prac- 
ticall>-  pure  potas^iinii  alkyl  oxalate  in  which  the  alkyl  corresponds  to  the 
alcohol  used  as  solvent. 

2.  A  few  solubility  determinations  were  made  which  indicate  that  the 
results  obtained  in  these  exjjerinients  do  not  depend  on  the  relative  in- 
solubility of  the  possible  potassium  alkyl  salts. 

3.  If  much  less  than  the  calculated  amount  of  the  methyl  alcohol 
solution  of  potassium  hydroxide  is  U'-cd  with  diethyl  oxalate  the  residual 
dialkyl  ester  contains  an  amount  ot  dimethyl  oxalate  which  depends  on 
the  amount  of  potfHsium  hydroxide  solution  used. 
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4.  The  change  from  diethyl  oxalate  to  potassium  methyl  oxalate  is 
represented  as,  first,  the  chauge  of  diethyl  oxalate  to  dimethyl  oxalate  and, 
second,  the  change  of  d<methyl  oxalate  to  potassimn  methyl  oxalate. 

5.  The  presence  of  potassium  ethyl  oxalate  in  the  sdution  of  diethyl 
oxalate  in  methyl  alcohd  does  not  cause  the  formattm  ot  any  dimethyl 
oxalate. 

6.  If  the  solution  of  potassium  hydroxide  in  methyl  alcohol  be  said  to 

contain  potassium  hydroxide  and  potassium  methylate,  the  potassium 
methylate  is  a  stronger  factor  than  the  potassium  hydroxide  in  causing 
the  diange  from  diethyl  oxalate  to  dimethyl  oxalate. 

These  experiments  were  done  under  the  direction  of  Professor  F.  B.  Allan 
and  it  is  proposed  to  continue  them  using  solutions  of  other  alkalies. 

ToKOHTo,  Canada. 


